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Abstract 
Mathematics is often considered difficult by students, consequently it appears as an unattractive curricular element and a kind of 
blockage occurs in the learning process. This happens because some aspects are (at least) presented in an abstract way, the 
students having not the possibility to visualize the results or to interpret/link these results with known aspects from the real life. A 
good way to visualize results of mathematical concepts and results is their presentation in a graphical way; this is possible to be 
realized using different dedicated software, but also by constructing virtual instruments. The use of these last tools is motivated 
by the fact that the experience reveals the attractiveness of computers and programming languages in education. This is amplified 
by the fact that programming develops the ability of thinking and structural organizing of activities and actions, and involves in 
our case the use of functions and relations in a logical sentence. While the results are visible and the facility to simply modify the 
input parameters is assured, the effect on outputs is clearly shown by the Virtual Instrument. This approach is proven as 
successful in enhancing mathematical skills for students in the engineering domains, the target of our research group being the 
development of Virtual Instruments for all topics taught in mathematics. Some of them are presented at the end of the paper.  
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
 In the last years, virtual instruments are used increasingly more as education tools for students in various 
domains. On the on hand this instruments are used for data visualization and on the other hand are used as 
simulation tools in a virtual world and capable to make advanced analysis into a laboratory. In this way are allowed 
to students to understand better the phenomena studied, to discover the various connections between phenomena, 
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making connections between the various disciplines studied (mathematics, physics, mechanics, and vibrations) and 
better assimilate the theory presented in the course. The use of virtual instrumentation in electrical engineering 
(especially for Electromagnetic Compatibility course) is presented by Luca and Salceanu (2012). For simulating the 
real phenomena, which are taking place in the real world, the virtual instrumentation can be used. The impact of 
virtual experiments used in the teaching process of different science areas (mathematics, physics, and chemistry) are 
presented in Gorghiu et al. (2009) and Gillich et al. (2010.a), while specific aspects for teaching and research are 
presented by Ugurlu (2011) and Anghel et al. (2009).Teaching, for example Fourier series, Fourier transforms and 
spectral analysis, at a special mathematics course for engineers or at a Vibration course is made by presenting the 
mathematical issues for each concepts and then, in the laboratory, the students will understand the phenomena 
modeled and how to make the spectral analysis. In this paper we propose the use of virtual instrumentation into the 
course when is needed. This idea is found in papers of Lu et al. (2008) and Beirao and Duarte (2012). Gillich et al. 
(2010.a) and Onchis-Moaca et al. (2012) present how Virtual Instruments (VI) are used in engineering education 
with some examples from our Vibration, while papers of Praisach et al.(2011), Gillich and Praisach (2012), Gillich 
et al. (2010.b), Praisach et al.(2010) and Gillich and Praisach (2013) show how the virtual instruments are used in 
real-life applications. This article presents an analysis of students' perception regarding the use virtual laboratories in 
the “EftimieMurgu” University of Resita. 
2. Improving mathematical skills using LabVIEW 
 We present an example of using a Virtual Instrument, created with LabVIEW software to improve mathematical 
and mechanical skills of the students. The Fourier transform is a powerful signal analysis tool, applicable to a wide 
variety of fields including spectral analysis, digital filtering, applied mechanics, acoustics, modal analysis, numerical 
analysis, seismography and communications.The Fast Fourier Transform (FFT) for a signal ( )x t  is given by (1) and 
the Discrete Fourier Transform by (2) 
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wheref is the frequency to analyze, [ ]x n  is the input sequence and N is the number of samples.   
 LabVIEW and its analysis VI library provide a complete set of tools to perform Fourier and spectral analysis. 
We use Power spectrum VI to calculate the harmonic power in a signal. The power spectrum of a time domain 
signal is given by (3) and the discrete implementation of the power spectrum xxS   is given by (4). 








              (4) 
where ( ) { ( )}X f F x t and  *( )X f  is the complex conjugate of  X f . 
 When Power Spectrum VI applies to a sequence of a sinusoidal signal, we distinguish two cases. In the first case, 
if the sequence contains an integer number of periods, the resulted power spectrum is correct and indicates the exact 
frequency. This is illustrated in Fig. 1.a for a signal of 4 Hz, analyzed in the time interval of 1s and for which the 
power spectrum, represented by white line, is correct. If the signal sequence does not contain an integer number of 
periods, then the virtual instrument does not allow accurate frequency reading. For example, analyzing signals with 
frequencies of 4.4 Hz (represented with red line), 4.7 Hz (green line) and 3.5 Hz (blue line), the time interval of 1s, 
so we can’t read the exact frequency, as shown in Fig. 1a. 
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   a.                          b. 
Fig. 1. (a) Power Spectrum for four signals; (b) two signals with different length 
 
 For a signal with the frequency of 4 Hz, the power spectrum (represented in Fig. 1a and Fig. 1b with white line) 
is the correct one, and we can indicate the exact frequency. But if we have another signal with different frequency of 
4 Hz, unknown, the question is to find the length in time of the signal so that the reading can be done with precision. 
In Fig. 1b can be seen that for the signal with the frequency of 3.5 Hz, represented by red line, the power spectrum is 
correct when we analyze the signal in the time interval of  0.857143 s (the power spectrum is with  green line) or 
when the time interval is 1.14286 s  (power spectrum is represented in blue). 
If the frequency is not known, it is unknown the time period in which the signal must be analyzed. We need 
therefore to apply an iterative algorithm based on the fact that the distance from the peak of power spectrum to the 
frequency axis is maxim when the signal contains an integer number of periods. To detect damages it is necessary to 
determine accurately the natural frequencies because due to damage, there are small changes in frequencies. For a 
cantilever beam without damage, clamped to an end and free at the other, the frequency calculated analytically for 
the first vibration mode is 4.06 Hz. If a damage appears in the beam the frequency decreases. The frequency, in this 
case can be determined by decreasing or increasing the number of samples, for a signal with the length of time 
0/t n f  where n is a set number of cycles and 0f  is the frequency for the undamaged beam. After applying this 
algorithm we can extract the amplitude and the frequency corresponding to this amplitude. This is repeated for each 
mode of vibration in part, because for some modes the frequency changes may be bigger or smaller, depending on 
the position of the damage. Because at the damaged beam, for each mode of vibration, there is a greater or lesser 
change in frequency depending on the position of the damage, see for instance Praisach et al.(2010), it is necessary 
to establish the signal length in time for each vibration mode individually. The amplitude of the Power spectrum for 
linear vibration is maximum when the length of time of the analyzed signal is a integer number of periods. 
Determining the length of time for the signal can be done iteratively, using the algorithm presented before.  
 
3. Analysis of student perceptions regarding the use of virtual laboratories 
 
 To find out the opinion of student regarding the use of virtual laboratories, a quantitative research was made, 
taking as target a group of 23 students who participated in the application presented earlier. They have a variable 
number of hours of use of virtual instruments (including the LabVIEW), consisting of 14-56 hours of applications in 
the laboratory. The difference in hours of study time is given by the fact that some students are from mechanical 
engineering and others from informatics applied in industry.  
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 When we asked Do you have on your own PC the LabVIEW program?the students responded such as presented 
in Table 1. 
 
         Table 1: Answers to the first question 
Yes, with 
license 
Yes, a trial 
version 
No 












Fig. 2. The answers to the first question 
 
 The following three questions were: 
2. The VI makes you understand better the phenomenon? 
3. The use of VI’s makes self-learning more facile? 
4. Do you consider that at special mathematics course for engineers would be better to use virtual tools for the good 
understanding of the concepts? 
with the answers presented in Table 2. 
 
          Table 2: Answers to the next three question 
             Nr. of question 
Answers       
2 3 4 
strongly disagree - - - 
disagree - 1 1 
undecided 2 3 3 
agree 10 15 12 
strongly agree 11 6 7 
 
 As can be seen from Table 2, that contains the student’s responses to these questions, and from Fig. 3 that virtual 
instruments are powerful tool capable to increase the performance in the learning process by clarifying some 
complex phenomena in visual mode or by developing experiments, making facile the understanding of the real 
world. Most students believe that using virtual instruments help understand phenomena presented theoretically at the 






Do you have on your own PC the LabView program? 
Y es, with licence 
Y es, a trial version 
No 









Fig. 3. The answers to the fourth and the last question 
 
 Finally, to see if the use or creation of virtual instrument put the students in difficult situations, the last question 
was: Where did you find difficulties? 
 






I didn’t have 
any 
difficulties 
7 6 10 
  
 Even though some students had difficulty in creating virtual instrument or interpretation of the results, however, 
in large numbers they managed and had no difficulties. Additional to these remarks, we can say that the use of 
virtual instruments makes the learning process more interesting, attract students to engineering studies (which are 
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disagree undecided agree strongly agree
Do you consider that at special mathematics 
course for engineers would be better to use 









In creating the virtual
instrument
In interpreting the results I didn’t have any 
difficulties  
Where did you find difficulties? 
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4. Conclusions 
 
 Students can be attracted to engineering studies trough the use of virtual instrumentation in regular lessons and 
development of hands-on experiments, which make studies exciting and challenging. According to this study, 
students accept to use virtual instruments for the educational process, being attracted by the flexibility and versatility 
of these tools which can change the social dynamics of the classrooms. So, virtual instrumentation come to help 
students,  along with seminars and problem solving, to understand better the phenomena, to make self-learning more 
facile and interpreting the obtained results. We presented here the need to use virtual instruments in some special 
mathematics courses for engineers, mechanics and vibrations, besides their use in the laboratory. Thus, starting with 
the academic year 2012-2013, the Faculty of Engineering and Management from “Eftimie Murgu” University of 
Resita has introduced a new computer assisted mathematical discipline. 
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